Abstract: Two studies were conducted to evaluate the provision of high-lipid high-fibre byproduct pellets when used as a partial replacement (60% in Study 1 and 30% in Study 2; HLP) for barley grain and canola meal in finishing diets (BAR). The HLP was fed for the last 49, 98, or 147 d (HLP49, HLP98, and HLP147, respectively) in Study 1, and for the last 60 or 120 d in Study 2 (HLP60 and HLP120, respectively) or the last 60 d with additional canola oil (HLP60CO). The statistical model included the fixed effects of diet, period, and the interaction. Steers fed BAR147 had the greatest average daily gain (ADG) (P < 0.01) and G:F (P = 0.01). The HLP147 had the greatest dry matter intake (DMI) during the first 49 d but least during the last 49 d of the finishing phase (treatment × period; P < 0.01). Hot carcass weight for BAR147 and HLP49 were the heaviest (P = 0.04). In Study 2, DMI and ADG were not affected (P > 0.05), but hot carcass weight was greater for BAR120 and HLP60 than HLP120 and HLP60CO. Inclusion of high-fibre high-lipid byproduct pellets in the latter part of the finishing period may improve carcass yield grade without affecting ADG and G:F.
Introduction
Feed grain prices in western Canada have been volatile over the past decade. Some factors contributing to the volatility include yearly variation in crop yield, quality, and availability, as well as regulatory decisions to support the bioethanol and biodiesel industries (Ministry of the Economy, Government of Saskatchewan 2013). As a consequence of increased grain prices, feedlot operators have been searching for viable alternatives to cereal grain as energy sources for finishing cattle. Studies evaluating the use of byproducts from the cereal grain, oilseed, and bioethanol industries for finishing cattle have demonstrated that comparable carcass quality and average daily gain (ADG) can be attained, relative to barley grain, although the inclusion rate of the byproducts in diets may affect performance (Pylot et al. 2000; Amat et al. 2012; Yang et al. 2012) . Most previous studies have investigated dietary byproduct inclusion in isolation rather than utilizing a combination of byproducts. However, a few recent studies have evaluated the use of strategically blended byproduct pellets that incorporate the benefits of individual byproducts while avoiding overfeeding of individual nutrients as it occurs with single byproduct inclusion strategies (Górka et al. 2013; Zenobi et al. 2014) . The use of strategically blended byproduct pellets also minimizes difficulty associated with handling multiple ingredients on farm and increases feed density.
As a substitute for cereal grain and in order to maintain caloric density, byproduct pellets often depend on byproducts from the oilseed industry as a cheaper source of energy substrate (Górka et al. 2013) . Hence the incorporation of byproducts from the oilseed industry (e.g., off-grade canola) can be associated with a partial shift in the dietary energy source from starch to lipid. Such a shift has been reported to be beneficial with regard to ruminal pH, even though it is also associated with reduced apparent total tract diet digestibility (Górka et al. 2015) , especially when replacing more than 60% of the barley grain on a dry matter (DM) basis.
Some individual studies focusing on ruminal pH have indicated that exposure to ruminal acidosis may increase the risk and severity of subsequent ruminal acidosis bouts (Dohme et al. 2008 ). Exposure to ruminal acidosis can contribute to reduced feed efficiency (Castillo-Lopez et al. 2014 ) and the risk for digestive disorder-related morbidity increases towards the later stages of the finishing period (Xu and Ding 2011; Castillo-Lopez et al. 2014) . One approach to limit digestive associated morbidity linked to ruminal acidosis could be to partially replace barley grain with high-lipid, high-fibre byproduct pellets. Shifting from a starch source to a lipid source may also provide more precursors for fat deposition and fatty acid biosynthesis (Nayananjalie et al. 2013) . Collectively, the above-listed information suggests that there may be an opportunity to evaluate phase-feeding programs using feeds with varying energy substrates for finishing beef cattle.
We hypothesized that using HLP in a phase-feeding program in which the dietary energy source is altered at different stages of finishing will result in similar production performance relative to steers fed a cereal-grain based diet.
Materials and Methods
All experimental procedures were reviewed and approved by the University of Saskatchewan Animal Research and Ethics Board prior to the initiation of the studies described as follows.
Study 1
A total of 288 crossbred steers were purchased from a local auction market (mean BW ± SD, 351.5 ± 20.4 kg). Upon arrival, all steers were treated with Ivermectin pour-on against endo-and ecto-parasites (Bimectin ® Pour-on, Bimeda-MTC Animal Health Inc., Cambridge, ON, Canada) and were vaccinated against Pasturella haemolytica and Hemophilus somnus (Somnu-Star Ph ® , Novartis Animal Health Canada Inc., Mississauga, ON, Canada) and also against infectious bovine rhinotracheitis, bovine viral diarrhea Types I and II, para-influenza-3 and bovine respiratory syncytial virus (Starvac ® 4 Plus, Novartis Animal Health Canada Inc.). Steers were also vaccinated against eight different strains of clostridium (Covexin ® Plus, Schering-Plough Animal Health, Pointe Claire, QC, Canada) and were given a broad spectrum antibiotic (Liquamycin ® LA-200 ® , Pfizer Canada Inc., Kirkland, QC, Canada). After initial processing, they were implanted with 200 mg of trenbolone acetate and 40 mg of estradiol (Revalor XS, Revalor Implants, Merck, Kirkland, QC, Canada). All steers were housed in pens measuring 12 × 24 m with 3.3-m high windbreak (20 cm m −1 porosity) fencing. After an initial acclimatization of 21 d, steers were stratified by body weight (BW) and were randomly allotted to one of 24 pens (12 steers pen −1 ). Diets included a barley-based diet (BAR ; Table 1 ) or a diet where high-lipid high-fibre byproduct pellets were used to replace 60% of the rolled barley grain [processing index (wt/v) = 80%] and canola meal (HLP). The composition of the high-lipid high-fibre byproduct pellets and diets are listed in Table 1 . The high-lipid byproduct pellets were produced at West Central Pelleting Ltd. (Wilkie, SK, Canada) and were similar to that reported by Górka et al. (2013) . The diets were formulated to be iso-nitrogenous and iso-caloric and to target an ADG of 1.8 kg d
−1 based on NRC (1996) . In addition to the diets, the 147-d finishing phase was divided equally into three periods of 49 d each, namely P1 (d 1-d 49), P2 (d 50-d 98) and P3 (d 99-d 147) . Treatments were a combination of the experimental diet and the timing (periods described above) and duration for when diets were fed (Table 2) . Pens assigned to the control (BAR147) treatment were fed the barley-based finishing diet throughout the 147-d finishing period. The remaining treatments were used to evaluate whether the duration and timing of feeding the high-lipid highfibre byproduct pellets affect dry matter intake (DMI) and production responses. Thus, pens were assigned to the HLP147 (HLP diet fed throughout the 147 d), HLP98 (BAR fed during P1 and HLP fed during P2 and P3) and HLP49 (BAR fed during P1 and P2, and HLP diet during P3) as described in Table 2 . The study was designed as a completely randomized design (pen as the experimental unit) with repeated measures, where the periods (P1, P2, and P3) were the repeated data points. Monensin and tylosin phosphate (Elanco Animal Health, Indianapolis, IN, USA) were included into the mineral and vitamin pellets for all diets to target a final dietary concentration of 33 and 11 ppm, respectively. Throughout the study, steers were fed a total mixed ration once daily at 1030 h and feed bunks were assessed prior to the morning feeding for the amount of residual feed. The amount of feed provided was designed to target 5% residual feed on a daily basis. At the start of study, steers averaged 378.4 ± 22.71 kg (mean ± SD) and the target final live weight was 650 kg.
The weights of individual steers were measured on two consecutive days at the start and end of the study to determine the initial and final body weight. In HLP: high-lipid high-fibre byproduct pellet-based diet (34.1% rolled barley grain, 6% barley silage, 51.2% high-lipid high-fibre byproduct pellets, 8% vitamin-mineral pellets, and 0.7% limestone on DM basis). addition, steers were weighed on a single day every 2 wk. The weight change between consecutive weighing days was used to calculate ADG. Feed bunks were cleaned every 2 wk corresponding to BW measurement and the residual feed was weighed, sampled for DM and discarded. The difference in weight between the DM offered and DM of residual feed measured at the time of bunk cleaning was used to determine pen DMI.
Weekly representative feed ingredient samples were collected for barley silage and biweekly samples were collected for barley grain, high-lipid high-fibre byproduct pellets, mineral and vitamin pellets and canola meal. All samples of feed as well as samples of refusals were dried in a forced-air oven at 55°C for 72 h for DM determination. The DM content of each ingredient was used to ensure that the as fed ingredient provision met DM inclusion specifications. Subsequently, the dried feed ingredient samples were ground to pass through a 1-mm screen using a hammer mill (Christie-Norris Laboratory Mill, Christie-Norris Ltd. Chelmsford, UK).
Samples were then composited by period and sent to Cumberland Valley Analytical Services (CVAS, Hagerstown, MD, USA) for chemical analysis as described by Rosser et al. (2013) except ether extract that was determined with acid hydrolysis (AOAC 2005; Methods 922.06 and 954.02) to ensure adequate recovery with processed feeds containing a substantial lipid content. Net energy values of feed were calculated by the commercial lab using equations described in the NRC (2001) and also calculated based on animal performance as described by Zinn and Shen (1998) and Zinn et al. (2002) .
At the end of the finishing period, steers were transported to a federally inspected abattoir (XL Foods, Brooks, AB). Hot carcass weight, back fat thickness, and rib eye area (between 12th and 13th rib) were measured at the processing plant. The Canadian Beef Grading Agency yield grades and quality grades were determined using the Computer Vision Grading System (VBG 2000 e + v Technology GmbH, Oranienburg, Germany). Carcass weight at various points in the study a Diets -BAR diet: finishing feedlot diet consisting mainly of barley grain and canola meal; HLP diet: a diet where high-lipid high-fibre byproduct pellets were included at 30% of the total diet; HLP + CO diet: a diet similar to HLP diet with added canola oil.
b Ingredient composition of high-lipid high-fibre byproduct pellets: 29.7% wheat, 14.9% offgrade canola, 26.4% wheat screenings, 11.2% oat hulls, and 17.8% pea screenings.
c On a DM basis, the pellets contained 2.5% of NaCl, 5% of Ca, 0.46% of P, 2.0% of Mg, 1.96% of K, 2.0% of S, 5.06 mg kg were estimated using empty BW (BW × 0.96) and a static dressing percentage of 60%. This dressing percentage was chosen as it was the average across steers based on empty BW at the end of the study and actual carcass weight recorded after slaughter. The calculated carcass weights were then used to calculate carcass adjusted ADG and carcass adjusted G:F.
Study 2
Two hundred and sixty-four crossbred steers were procured from a local auction market (mean BW ± SD, 424.7 ± 28.6 kg). The receiving protocol was the same as described for Study 1 with the exception that steers were implanted with 36 mg of zeranol (Ralgro ® , SheringPlough Animal Health) at the start of the study and then re-implanted with 40 mg of trenbolone acetate and 8 mg of estradiol (Revalor-G ® , Hoechst-Roussel Agri-Vet, Somerville, NJ, USA) 65 d after the initial implant. After an initial acclimatization of 21 d, steers were stratified by BW and were randomly allotted to one of 24 pens (11 steers pen −1 ). Diets consisted of (1) a barley-based diet (BAR) similar to that in Study 1, (2) a diet where high-lipid high-fibre byproduct pellets were included at 30% (HLP), or (3) a diet containing 30% high-lipid high-fibre byproduct pellets with added canola oil (HLP + CO; Table 3 ). Canola oil was sprayed into the mixing wagon to ensure uniform distribution of oil. The BAR and HLP diets were formulated to be iso-nitrogenous and iso-caloric targeting an ADG of 1.7 kg d −1 while the HLP + CO provided additional predicted net energy that would improve performance. The high-lipid high-fibre byproduct pellet composition was the same as described in Study 1 (Table 1 ). The 120-d finishing period was divided into two halves, P1 (first 60 d of study) and P2 (last 60 d of study). Pens were assigned to 1 of 4 treatments (Table 4 ) using a combination of diet and duration that the diet was fed. Treatments included (1) the control that was fed BAR throughout the 120-d finishing phase (BAR120), (2) a treatment group that received HLP for 120 d (HLP120), (3) a treatment group where BAR was fed for P1 (i.e., 60 d) and HLP was fed for the last 60 d (HLP60), or (4) a treatment group where BAR was fed for P1 and the HLP + CO diet was fed for the last 60 d (HLP60CO). Body weight at the start of the study was 441.3 ± 27.2 kg (mean ± SD), with a targeted final weight of 650 kg. Data and sample collection and analysis were conducted as described in Study 1. . Within a period, the only difference among treatments was between HLP49 and HLP147 during P1. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods.
Statistical analysis
Data from Studies 1 and 2 were analyzed separately. For both studies, pen was used as the experimental unit and statistical analyses were performed using the mixed model of SAS (SAS version 9.2; SAS Institute, Inc., Cary, NC, USA) with the fixed effect of treatment. When appropriate (for variables measured over time), the fixed effects of period and the treatment × period interaction were included with period included as a repeated measure. For repeated measures, covariance error structures were tested to select the best-fit model for each variable based on least Akaike's and Bayesian information criterion values. For continuous variables with a single measurement time point, the model included the fixed effect of treatment. Yield grade, quality grade and marbling score were analyzed using the GLIMMIX procedure of SAS (SAS version 9.2, SAS Institute, Inc. 2002) with binominal error structure and logit data transformation. For all statistical analyses, significance was declared when P ≤ 0.05 and trends were discussed when 0.05 < P ≤ 0.1. When the F-test was significant, means were separated using the Tukey's method.
Results

Study 1
The BAR and HLP diets were formulated to be isonitrogenous and isocaloric, however the NE m (predicted using chemical composition; NRC 2001) was numerically greater (1.93 vs. 1.83 Mcal kg −1 ) and crude protein (CP) numerically less (14.7 vs. 15.5 %CP) for the HLP diet compared with the BAR (Table 1) . The difference between formulated and achieved dietary composition reflects a challenge with using byproduct feeds and is likely related to the variation in the nutritive value of the byproducts.
Overall, DMI increased with advancing days on feed (P < 0.001) from 9.43 kg d −1 in P1 to 12.22 kg d −1 in P3.
Steers fed the HLP147 treatment had the greatest DMI during P1 but the least DMI in P3 ( Fig. 1 ; treatment × period interaction P < 0.01). As a percentage of BW, DMI decreased (P < 0.001) from P2 to P3, but there was an Standard error of mean. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods. e Calculated based on the performance data over the entire study period (Zinn and Shen 1998; Zinn et al. 2002) . . Within a period, only HLP147 had reduced gain to feed relative to BAR147 and HLP49 during P1. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods.
interaction (treatment × period, P < 0.001) where steers fed HLP147 had greatest intake as a % BW during P1 with a reduction with advancing periods whereas all other steers decreased intake from P2 to P3 (Fig. 1) . The ADG was greater in P2 and P3 than P1 (P < 0.001; Table 5 ) and was greater for BAR147 than HLP treatments (1.96 vs. 1.83 kg d −1 ; P < 0.01). There was no interaction between treatment and period for ADG. However, a treatment × period interaction (P < 0.01) was reported for G:F (Fig. 2) , following a similar response as reported for DMI. The interaction for G:F was a result of HLP147 having less ADG than BAR147 during P1 without differences between treatments in P2 and P3. The cumulative G:F for the entire study was greater for BAR147 than HLP147 (0.178 vs. 0.165 kg gain kg −1 DMI; P = 0.01), with the other treatments being intermediate. As expected, the G:F decreased (P < 0.001) with advancing days on feed irrespective of the dietary treatment (0.185, 0.171 and 0.155 for P1, P2 and P3). Based on steer BW, growth, and DMI, the calculated NE g (Zinn and Shen 1998; Zinn et al. 2002) for the high-lipid high-fibre byproduct pellets was reduced as the duration of HLP feeding increased.
Steers fed BAR147 had a greater (P = 0.04) hot carcass weight when compared with the HLP147 and HLP98 treatments (382.8 vs. 373.3 and 370.6 kg, respectively) while HLP49 was intermediate (Table 6 ). Dressing percentage tended to differ among treatments (P = 0.08) with HLP49 being the greatest. Carcass adjusted ADG and G:F were greater for CON147 compared with HLP98 and HLP147 while HLP49 did not differ from the other treatments (P ≤ 0.02). Differences were not observed for back fat thickness, longissimus dorsi muscle area, quality grade and marbling score among the treatment groups. However, the proportion of carcasses grading Standard error of mean. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods.
yield grade 1 tended to be greater (P = 0.07) for HLP49 than the other treatments.
Study 2
The CP concentration was numerically greater for the BAR than the HLP diets (14.2 vs. 13.4; Table 3 ). However, the NE m and NE g were similar between the BAR and HLP diets with the HLP + CO having energy values that were numerically greater than the other treatments.
Overall DMI did not differ between treatments averaging 12.5 kg d −1 (Table 7) , but DMI of steers fed HLP120 was greatest in P1 and intermediary in P2 ( Fig. 3 ; treatment × period interaction, P < 0.001). When reported as a % BW, DMI decreased from P1 to P2 (P < 0.001), but there was an interaction detected (treatment × period, P < 0.001; Fig. 3 ). While the interaction term was significant, the only difference was that steers fed HLP60 had greater intake than steers fed BAR120. Likewise, ADG was not affected by treatment although a treatment × period interaction was also observed for ADG (Fig. 4) with HLP120 steers having the greatest ADG in P1 and the least ADG in P2 (P = 0.02). The G:F ratio for HLP120 was least (P < 0.001) when compared with all other treatment groups (0.147 vs. 0.158). Hot carcass weight of steers fed BAR120 was heavier (P = 0.01) than the HLP120 and HLP60CO steers (387.6 vs. 376.6 and 377.8 kg, respectively) while the HLP60 (384.4 kg) differed (P = 0.03) only from the HLP120 treatment (Table 8) . Dressing percentage tended (P = 0.06) to be greatest for CON120 and least for HLP120. Carcass adjusted ADG and G:F were greatest for CON120, least for HLPCO while HLP60 did not differ from CON or HLP120. Back fat thickness and the longissimus dorsi muscle area were not affected nor were the quality grades and marbling score. However, the proportion of carcasses grading yield grade 1 tended to be greatest (P = 0.06) for HLP120 and HLP60 (61.5% and 56.9%) with HLP60CO tending to have the least (37.9%).
Discussion
The objective of the studies reported above were to determine whether the timing and duration for feeding high-lipid high-fibre byproduct pellets would influence feed intake, growth performance and carcass characteristics for finishing steers. Previous studies have demonstrated that G:F may be reduced with the inclusion of high-lipid high-fibre byproduct pellets in diets for finishing steers (Górka et al. 2013 ). However, that study used a continuous inclusion of high-lipid high-fibre byproduct pellets throughout the finishing phase. Our studies support that of Górka et al. (2013) , where steers fed the highlipid high-fibre byproduct pellets for 147 or 120 d had reduced G:F relative to steers fed a barley-based finishing diet. However, feeding the high-lipid high-fibre byproduct pellets during the latter part of finishing period (49 d in Study 1 and 60 d in Study 2) did not negatively influence DMI, G:F, ADG, or carcass characteristics. This suggests that phase-feeding may be a viable option to utilize highlipid high-fibre byproduct pellets in feedlot settings. The use of high-lipid high-fibre byproduct pellets could be particularly beneficial when cereal grain costs are high.
One consistent result in the current study and that of Górka et al. (2013) was that steers fed high-lipid high-fibre byproduct pellets throughout finishing had reduced G:F. Reduced G:F would not have been predicted based on the energy values determined using chemical analysis. However, energy values calculated using mean BW, DMI, and ADG indicate a lower energy value than ).
e Calculated based on the performance data over the entire study period (Zinn and Shen 1998; Zinn et al. 2002) .
expected for HLP diets. This is likely attributed to lower digestibility of the byproduct feeds composing the highlipid high-fibre byproduct pellets (Górka et al. 2015) . The primary reasons for the lower digestibility are not known and could be attributed to (1) high lignin content in some of the byproduct feeds, (2) small particle size of the feeds within the high-lipid high-fibre byproduct pellets, and (3) negative associative effects of the lipid on rumen fermentation. Similar findings were also seen previously (Pylot et al. 2000) where canola screenings were used to replace a substantial portion of barley grain resulting in lower ADG and G:F. As stated above, it is possible that the high lipid content (7.3% on DM basis) of the high-lipid high-fibre byproduct pellets and resulting diet may have reduced microbial efficiency and fibre digestibility (Jenkins 1993; Hess et al. 2008) . Supporting this suggestion, Górka et al. (2015) reported reduced OM and neutral detergent fibre (NDF) digestibility with increasing inclusion of high-lipid high-fibre byproduct pellets in finishing diets although the digestibility of CP, acid detergent fibre (ADF), starch, and crude fat were not affected. However, not all studies have reported a reduction in NDF digestibility even when the diet contained up to 9.4% fat (Kucuk et al. 2004) . It should also be noted that in Study 2, the dietary fat concentration was only 5.1% for the HLP diet and steers fed this diet still had reduced ADG for the HLP120 treatment. Past research has suggested that at similar concentrations of dietary fat there were no negative effects on fibre digestibility (Plascencia et al. 2003) . While a reduction in NDF digestibility is a plausible explanation, given the relatively high starch and lipid contents in the diets, the energetic contribution of NDF for feedlot steers is questionable. Future research is required to determine the energetic contribution of NDF in feedlot diets, especially considering that G:F is improved when the inclusion of barley silage, and hence a decrease in fibre and increase in starch, decreases (Koenig and Beauchemin 2011) .
The complete fermentation and utilization of nutrients in the rumen largely depends on how long feeds are retained in the rumen, which in turn partially depends on the feed particle size and density (Welch 1986 ). The high-lipid high-fibre byproduct pellets may be prone to faster disintegration into smaller particles in the rumen Fig. 3 . Treatment × period interaction for DMI in Study 2 when reported as kg d −1 (P < 0.001; top panel) or as a percentage of BW (P < 0.001; bottom panel). BAR120: BAR diet fed for 120 d, HLP120: HLP diet fed for 120 d, HLP60: BAR followed by HLP diet fed for the last 60 d, HLP60CO: BAR followed by HLP diet fed for the last 60 d with additional canola oil. Within a period, only HLP60 had greater DMI than BAR120 during P2. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods. Fig. 4 . Treatment × period interaction for ADG in Study 2 (P = 0.015). BAR120: BAR diet fed for 120 d, HLP120: HLP diet fed for 120 d, HLP60: BAR followed by HLP diet fed for the last 60 d, HLP60CO: BAR followed by HLP diet fed for the last 60 d with additional canola oil. Although a significant interaction was detected, means within a period were not different among treatments. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods. due to the prior grinding and processing at the feed mill, which can result in lower retention time and digestibility (Mohamed et al. 2012 ). This may be further exacerbated for diets that contain a low proportion of structural fibre (Zebeli et al. 2007) , as is the case for the finishing diets used in these studies. Incorporation of high-lipid highfibre byproduct pellets, similar to that used in the current studies, has been reported to reduce ruminal digesta mass and result in greater omasal OM flow with increasing inclusion of high-lipid high-fibre byproduct pellets into finishing diets (Górka et al. 2015) . A structured rumen mat plays a vital role in enhancing particle retention time, thus allowing more complete rumen fermentation by the rumen microbial communities. Future research is needed to further understand limitations to efficient high-lipid high-fibre byproduct pellet utilization and to evaluate strategies to enhance transfer of energy from byproduct feeds to productive responses.
Feeding the HLP diet throughout the finishing stage at both the 60% and 30% level of incorporation decreased G:F and hot carcass weight. As discussed earlier, factors responsible for curtailing the availability of dietary energy from the HLP diet may have contributed to the reduced performance. However, the phase feeding strategy where the HLP diet is fed during the later stages of the finishing period mitigated the negative effects of a full high-lipid high-fibre byproduct pellets feeding regimen. In fact, in Study 1, steers fed the HLP49 had similar DMI, G:F, and hot carcass weight relative to BAR147. Similarly, in Study 2, steers fed HLP60 showed similar performance as steers fed BAR120 for DMI, ADG, G:F and hot carcass weight. Thus, altering the timing and limiting the duration of high-lipid high-fibre byproduct pellets feeding could be an effective strategy to reduce feed costs without affecting overall performance and potential revenue. Note: Values with lowercased letters differ (P < 0.05). a Treatment: BAR120 = finishing diet comprised of barley grain and canola meal fed for 120 d; HLP60 = HLP diet fed for last 60 d; HLP60CO = HLP diet + canola oil fed for the last 60 d; HLP = HLP diet fed for 120 d.
b Standard error of mean. Pen was considered as the experimental unit (n = 6 per treatment). For each experimental unit there were three consecutive measurement periods. 
Conclusion
The outcomes from the two studies indicate that use of high-lipid high-fibre byproduct pellets can be an effective alternative to barley grain and canola meal in diets for finishing steers. However, reduced G:F, ADG, and hot carcass weights may occur when feeding the high-lipid high-fibre byproduct pellets throughout the finishing period. Reducing the duration and delaying the timing of provision can mitigate the negative effects of feeding the high-lipid high-fibre byproduct pellets at lower inclusion rates.
